Several studies have been made during the recent years to evaluate the plasma sprayed yttria partially stabilized zirconia thermal barrier coatings but less attention were undertaken on ceria-yttria stabilized zirconia. In this study, zirconia-20 wt% ceria-3.6 wt% yttria thermal barrier coatings were produced by air plasma spraying deposited on IN 738 LC superalloy substrate. The objective of this study is to analysis the distribution of porosity, hardness and fracture toughness on the deposited coatings. Under optimum plasma spraying conditions, it is dangerous to consider the mean values of hardness and fracture toughness. The distributions of hardness and fracture toughness are highly scattered. The Weibull distribution is the main parameter to describe the plasma sprayed coatings hardness and fracture toughness. 
‫الحرارية‬ ‫للحواجز‬ ‫بالبالزما‬ ‫الرش‬ ‫لطبقات‬ ‫الكسر‬ ‫وعساوة‬
. Many processing conditions were selected and many samples were manufactured and analyzed. The best processing plasma spraying sheet was used to investigate the samples to determine the scattering of the properties. The plasma arc generates between the anode and cathode due to ionization of primary gas (argon) and secondary gas (hydrogen). Different proportion rates of secondary gas were used for spraying the bond coat (15.25%) and ceramic layer (12.37%) respectively. The pressure of gases for both bond coat and ceramic coat were kept constant at 3.44 bars. All the processing parameters of plasma spraying are listed in Table 1 . During plasma spraying argon inert gas was applied to the substrate to prevent unwanted reactions between the spraying powder particles and air and also to serve as cooling for substrate. Single metering feeder system was used for the bond coat powder and then for the premixed ceramic powder. The feeder devise was adjusted carefully by means of argon gas carrier to deliver the given powder continuously through the feeding nozzle. The selected powder flow rate for bond coat and ceramic coat were 45 and 35 g/min respectively. The position of the given injected powder was perpendicular to the inner higher temperature plasma jet. This position of plasma jet interaction with the given powder will lead to melting of particles and accelerated them toward the substrate as well as to the jig to produce the coating.
The roughness of the upper surface plan view of the as-sprayed was measured. The values reported for roughness are the central line average (CLA). The test was performed using roughness tester type TR200. The average of at least five reading was taken. The cut-off lengths employed are 2 to 4 mm. Microhardness of as-sprayed coatings was measured from the polished upper surfaces using digital Vickers hardness tester TH714. The applied load was 500 g. The average hardness was made from Weibull's distribution at 37% survival. The fracture toughness was determined from the indentation method based of indenter diagonal and the average crack length initiated from the diagonal corners. It should be reported that the size of samples are relevant to evaluate the fracture toughness of the plasma sprayed and as-sealed coatings. The type of cracks produced is Palmqvist. The suitable reliable equation to calculate the fracture toughness from indentation test is the equation reported by Ponton and Rawlings (1989) :
where P is the applied load (4.9 N), a is the half length of the average indent (mm) and c is the length from the center of the indent to the end of the crack flow (mm). 
RESULTS AND DISCUSSION
In order to describe the reliability of the plasma sprayed coating even under similar identical processing conditions, detail analysis of topography of upper surface plan view to determine the roughness was made. Fig. 1 shows the typical SEM micrographs of the upper surface plan views of plasma sprayed coating without any metallographic preparations. The thoroughly microstructure investigated at different regions on the samples and also from different samples have been demonstrated the complex nature of the CYSZ ceramic coating. They included different distribution of segmented primary cracks, secondary crack, large voids and porosity. The lamellas of CYSZ have been formed from interspalts solidification and having porosity as shown from higher magnification SEM photograph (Figure 1 ). The microstructure of splats is fine cellular structure less than 2 µm (Figure 2) . It reflects the rapid solidification mechanism associated with plasma spraying technique. Microstructure analysis of the upper surface plan views of plasma sprayed as clearly revealed from SEM micrographs showed the presence of some unmelted particles and semi melted particles (Figure 3) .
Careful analysis of SEM micrographs of upper surface plan views (Figure 4 ) revealed the wide ranges of sizes of heterogeneous distribution of porosity (open and closed) from approximately higher than 500 nanometers to less than 15 µm. Higher porosity size with lower percentage was observed from the transverse section of CYSZ coat compared with upper surface plan view. The histogram distribution and cumulative% for less than size for open and closed porosity determined from Image J are shown in Figures (5 and 6) . The porosities have random shapes due to the solidification of millions of splats. The plasma sprayed coatings also characterized with the presence of random crack networks orientations having different lengths. These differences in microstructure associated with plasma spraying technique have a direct influencing on all physical, chemical and mechanical properties. The volume fractions of open and closed porosity are approximately within 14.9 ± 0.9% and 11 ± 0.3% respectively. The interesting result associated with these scatter in microstructure and defects is the narrow scatter of roughness as confirmed also from Image J (Figure 7 ). They ranged from approximately 5.2 to 7.2 µm as measured by Talysurf roughness tester. This may reflect the best selection of spraying processing parameters and the difference is technically accepted for the spraying process. Hardness measurements and fracture toughness measurements for many plasma sprayed coatings showed considerable variation of these properties with the same sample or different samples ( Figures. 8 and 9 ). The hardness and fracture toughness of plasma sprayed coating were varied highly within the range of 340 to 870 Hv and 4.8 to 6.5 MPa.m 0.5 respectively. These are attributed to the heterogeneity of the plasma sprayed coatings associated with low value of Weibull modulus (Tables 2 and 3 where S is equal to 1/e (37%), σ is any value of the given property, σ o is the value of the given property at value of S equal to 37% (it obtains from the curve) and m is the Weibull modulus (slope of the line from the curve). The above equation described the probability of survival which is very important to select the maximum working property during service should does not exceed corresponding to the given probability of survival.
CONCLUSIONS
1-The different measurements of CLA roughness of upper surface plan views of plasma sprayed coatings showed that roughness can be described effectively using the median value rather than Weibull distribution. 2-SEM analysis of the upper surface plan views of the plasma sprayed coatings revealed the presence of pores with different sizes. 3-The hardness and fracture toughness of the zirconia-20 wt% ceria-3.6 wt% yttria changed remarkably due to the presence of porosity, unmelted particles, semimelted particles and crack networks. 4-The values of Weibull modulus of hardness and fracture toughness of plasma sprayed ceramic coatings are low. This modulus is the only parameter to be evaluating to describe the state of the coatings. 
